Structural analogs of sialic acid interfere with the binding of erythrocyte binding antigen-175 to glycophorin A, an interaction crucial for erythrocyte invasion by Plasmodium falciparum.
Plasmodium falciparum causes the most virulent form of malaria and remains a major worldwide health problem. The erythrocytic development of P. falciparum relies on parasite invasion of host erythrocytes, a process mediated in part by the interaction of erythrocyte binding antigen 175 (EBA-175) with the erythrocyte receptor glycophorin A (GA). The binding domain of EBA-175 that interacts with glycophorin A is a approximately 330 residues module called F2. Several studies have shown that F2 recognizes both sialic acids and the protein backbone on glycophorin A. Here, we have developed ELISA-based quantitative F2-GA binding assays. We also performed a series of competitive inhibition assays to block the F2-GA interaction using a variety of sialic acid analogs. Our data show that both 2,3-didehydro-2-deoxy-N-acetyl neuraminic acid (DANA) and 3'-N-acetyl neuraminyl-N-acetyl lactosamine are excellent inhibitors of the F2-GA interaction. Moderate levels of inhibition were also observed with monomers or oligomers of N-acetyl neuraminic acid (sialic acid). Furthermore, we show that DANA is able to significantly inhibit the invasion of erythrocytes by P. falciparum. Together, our ELISA-based binding assays and in vitro inhibition of erythrocyte invasion data suggest that small variations in the structures of DANA and related inhibitors can result in even more potent invasion inhibitory activities. Our studies provide a platform for the development of high potency inhibitors of the F2-GA interaction using high throughput drug discovery technologies. Such compounds may form part of inhibitor cocktails, which aim to block invasion of erythrocytes by P. falciparum.